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Abstract

the CNS integrates sensory information and coordinates motor responses. It
emphasizes the functional anatomy of the spinal cord and its membranes in terms
of the structural organization and their functions to provide protection. In
addition, it discusses how the spinal cord and its coverings undergo age-related
changes, with a focus on the implications for neurological health and function.
These anatomical and physiological changes form the basis for the diagnosis and
treatment of a variety of age-associated neurodegenerative diseases.
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INTRODUCTION

The central nervous system comprises the brain and spinal cord, which act as the
main control organ for the body. The spinal cord extends from the medulla
oblongata to the lumbar region. It is crucial for the passage of neural impulses
between the brain and peripheral nerves. It is covered by three membranes
commonly known as meninges. These three are dura mater, arachnoid mater, and
pia mater. The meninges maintain a constant internal environment, protect the
spinal cord against mechanical injury, and ensure the circulation of CSF. During
aging, structural and functional alterations occur in the spinal cord and its
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membranes, including reduced density of neurons, reduced elasticity of the
membranes, and altered CSF dynamics. All these factors may be contributing to
weakened neurological performance and the vulnerability of the spinal cord to
various disorders with increased age.

MAIN PART

The central nervous system, comprising the brain and spinal cord, is a complex
network that integrates most functions of the body and mind by processing
sensory input and coordinating motor outputs. The spinal cord, being part of the
central nervous system, extends from the brainstem to the base of the vertebral
canal, serving as both a carrier and processor for neural signals passing between
the body and brain. Its functional anatomy is highly elaborated to permit fast
reflexes, voluntary movements, and information relay that underlies many critical
bodily functions.

Anatomically, the spinal cord extends from the medulla oblongata of the
brainstem down to approximately the level of the first or second lumbar vertebra,
where it tapers into the conus medullaris before continuing as the cauda equina.
The internal structure of the spinal cord includes a central canal filled with CSF
surrounded by grey and white matter. The grey matter, in general butterfly-
shaped, consists mainly of neuronal cell bodies, dendrites, and unmyelinated
axons and is responsible for processing information locally. Surrounding the grey
matter is white matter containing myelinated axons forming ascending sensory
and descending motor tracts critical for transmitting signals up and down to the
brain.

Three layers of meningeal membranes protect the spinal cord: the dura mater,
arachnoid mater, and pia mater. The dura mater is the most superficial and the
thickest-the strongest in its provision of mechanical protection-and adheres to the
internal surface of the vertebral canal. The arachnoid mater is a delicate weblike
structure that lies beneath the dura mater and creates the subarachnoid space,
filled with cerebrospinal fluid, which acts as a shock absorber and protects the
biochemical environment. The deepest is the pia mater, directly adhering to the
surface of the spinal cord, providing blood vessels that supply the metabolic
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requirements of the underlying neural tissue. Collectively, these layers constitute
an active system of protection that maintains functional integrity.

The spinal cord is functionally divided into segments, each corresponding to a
pair of spinal nerves innervating specific body regions called dermatomes and
myotomes. A segment consists of a dorsal (posterior) gray horn receiving afferent
input from the periphery and a ventral (anterior) gray horn sending efferent
neurons to skeletal muscles. Interneurons in the intermediate zone can relay
information within and between segments, providing reflex arcs and other
complex sensorimotor functions. This segmental relationship enables the spinal
cord to react independently in many ways; for example, reflexes do not require
the action of higher brain centers. From a structural point of view, there are a
number of age-related changes involving the spinal cord. The spinal cord shows
a gradual decrease in volume and weight, primarily because of neuronal loss and
decreased white matter density. More precisely, neurodegeneration affects large
myelinated fibers, which is reflected in slower nerve conduction velocity. These
changes lead to reduced motor coordination and efficiency of reflexes reported in
elderly subjects. Besides, there is thickening and loss of elasticity in meningeal
membranes; this may impede circulation of cerebrospinal fluid and increase
vulnerability to mechanical tension or trauma. With aging, the spinal cord does
not simply lose neurons; there is also a notable alteration in the balance between
excitatory and inhibitory pathways. This dysregulation often leads to increased
spinal excitability, contributing to heightened pain sensitivity and spasms in
elderly individuals. Such changes reflect modifications in neurotransmitter levels
and receptor expression, including reductions in gamma-aminobutyric acid
(GABA), the primary inhibitory neurotransmitter. These alterations impact reflex
modulation and may explain why older adults experience more pronounced
muscle stiffness and spasticity after injury or disease.

White matter decline in the spinal cord is a critical aspect of age-associated
anatomical changes. Myelinated axons within the white matter undergo
fragmentation, demyelination, and reduced density, all of which slow nerve
conduction velocity. This decline impairs the rapid transmission of both sensory
and motor signals, resulting in delayed reflex responses and reduced

137 |Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
Volume 01, Issue 09, December, 2025

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

AMERICAN JOURNALS

coordination. These structural deteriorations are amplified by age-related
oxidative stress and chronic low-grade inflammation, factors increasingly
recognized as targets for preventive strategies against neurodegeneration.

The blood-spinal cord barrier (BSCB), similar in function to the blood-brain
barrier, ensures selective permeability to protect spinal cord tissue. With
advancing age, the integrity of this barrier weakens, becoming more permeable
to potentially harmful substances such as toxins, pathogens, and inflammatory
molecules. The compromised BSCB increases vulnerability to autoimmune and
infectious processes, further threatening spinal cord function. This breakdown
also contributes to chronic neuroinflammation, exacerbating neural damage and
limiting regenerative capacity.

The meninges themselves undergo significant biochemical and structural
modifications with age. Collagen fibers in the dura mater become thicker and
more cross-linked, resulting in reduced elasticity and flexibility. Such stiffening
decreases the ability of the meninges to absorb mechanical shocks, increasing the
risk of injury from minor trauma. Moreover, the arachnoid mater may develop
adhesions or fibrosis, impairing CSF flow and possibly leading to conditions such
as spinal arachnoiditis or syringomyelia. These meningeal changes further
jeopardize the spinal cord’s microenvironment and function.

The cumulative effects of spinal cord aging manifest clinically as a variety of
sensory, motor, and autonomic impairments. Sensory loss, especially
proprioceptive decline, predisposes elderly individuals to balance disorders and
falls. Motor weakening and decreased reflex efficiency impair mobility and
increase fall risk, contributing to frailty. Autonomic dysfunction may present as
bladder incontinence, orthostatic hypotension, or gastrointestinal issues.
Awareness of these manifestations is critical for early diagnosis and interventions
aimed at maintaining spinal cord health and functional independence in the
elderly.

Production and circulation of cerebrospinal fluid decline with age, which could
further change the pressure dynamics within the subarachnoid space surrounding
the spinal cord. Changes in fluid dynamics interfere with nutrition delivery and
waste removal at the cellular level, which negatively affects the metabolic
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environment of the spinal cord. In turn, disturbed fluid dynamics render the CNS
more susceptible to ischemic conditionsand exacerbate neurological decline or
promote diseases such as normal pressure hydrocephalus. Significant
contributors to spinal cord aging are vascular changes. Arteriosclerotic changes
often develop in the blood vessels supplying the spinal cord, reducing blood flow
and hence oxygen supply. The resulting chronic hypoxia and metabolic
insufficiency encourage neural tissue atrophy and increase vulnerability to injury
and degenerative diseases. These vascular alterations also interfere with repair
mechanisms of the CNS, limiting recovery after trauma or inflammatory insults,
which tend to be more frequent and severe in older life.

Therefore, the cumulative decline in the structure and function of the spinal cord
has an impact on voluntary motor control and sensory processing, but also affects
autonomic nervous functions. Spinal cord network remodeling with age impairs
control over blood pressure, bladder, and temperature. These autonomic
dysfunctions often manifest as common clinical problems in the elderly.
Elucidation of such age-dependent changes will be essential to provide a rationale
for targeted interventions to preserve spinal cord function and enhance the quality
of life in aging populations. In summary, the spinal cord is the central component
of the CNS which transmits neural signals and mediates reflexes, enveloped by
special membranes called meninges. With increasing age, there are significant
anatomical, vascular, and biochemical changes in the spinal cord, including
neuronal loss, stiffening of meninges, reduced CSF production, and vascular
compromise. Altogether, these age-related modifications reduce functional
capacity of the spinal cord and impinge on both the somatic and autonomic
nervous system functions, emphasizing a more integrated approach towards
research and clinical management related to CNS aging. The conclusion. The
spinal cord and its membranes provide a critical role in the CNS in ensuring
proper neural communication and protection. Marked anatomical changes related
to aging in the spinal cord and meninges have significant influences on
neurological function, eventually leading to clinical impairment. Recognition of
such changes can provide a better intervention strategy for preserving spinal cord
health and managing age-related neurological diseases. Further studies should be
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directed towards strategy formulation that mitigates the effects of aging on spinal
integrity and overall integrity of the CNS.

Recent advances in neurobiology suggest several promising avenues to
counteract age-related spinal cord deterioration. Neuroprotective agents targeting
oxidative stress, inflammation, and mitochondrial dysfunction are under
investigation for their potential to slow neurodegeneration. Regenerative
medicine, including stem cell therapy and biomaterial scaffolds, offers hope for
repairing damaged spinal cord tissue and restoring function. Additionally,
improvements in CSF dynamics and meningeal health through pharmacological
or physical therapies could support spinal cord resilience. A deeper understanding
of the molecular mechanisms underlying spinal cord aging will be essential for
developing these innovative treatments to enhance longevity and quality of life.
The aging of the spinal cord involves complex structural and functional changes
that contribute significantly to the decline in sensory, motor, and autonomic
abilities seen in older adults. Neuronal loss, white matter deterioration, and
weakening of protective barriers like the blood-spinal cord barrier all reduce the
efficiency of neural transmission and increase vulnerability to injury and disease.
Additionally, alterations in the meninges and neurotransmitter balance exacerbate
these effects, leading to increased pain sensitivity, muscle stiffness, and impaired
reflexes. Understanding these age-related transformations is crucial for
developing targeted therapies aimed at preserving spinal cord health and
enhancing quality of life in the aging population.
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